Abstract: Zinc dust, an EPA (Environmental Protection Agency) 
I. Introduction
The wastage, zinc dust is a by-product of galvanizing industry. It is an EPA listed hazardous waste (KO61). In humans, prolonged excessive exposure to zinc dust can lead to deficiencies in iron & copper, nausea, fever, headache, tiredness and abdominal pain 1 . Traditionally, this dust has been considered as waste material and used in landfill. But according to Environment Protection Agency regulation, landfill disposal method of zinc dust becomes prohibited because it is classified as hazardous waste based on the toxicity test 2 . Recovery of value added materials from this waste can be economically rewarding as well as reduce environmental pollution. Therefore conversion of this zinc dust to zinc bearing chemicals or oxide or pigments seemed to be a way of using this material. The primary theme of this paper is to recover metal values from zinc dust and convert it to zinc oxide, which has wide applications in various fields. The zinc oxide is used as a reinforced in rubber tires, a white paint pigment, a ceramic glaze, lubricants, ointments, adhesive, sealants, foods, batteries, ferrites, fire retardants, and an opaque base in cosmetics [3] [4] . It is also used in catalysis, as adsorbent, for concrete manufacturing, cotton fabrics, food packaging etc [5] [6] . Zinc oxide is used to treat a variety of skin condition as baby powder and barrier creams, calamine, anti-dandruff shampoos, and antiseptic ointments [7] [8] . It has seen that there are various method exist for preparation of zinc oxide [9] [10] [11] [12] [13] [14] [15] . But all these procedures fail to produce high quality zinc oxide. The quality of the product as well as yield depends on a number of parameters. The objective of this study is to prepare pigment grade zinc oxide from zinc dust with hydrochloric acid as leaching agent and ammonium hydroxide as precipitating agent.
II. Experimental

II.I Materials
The raw materials used in this study were zinc dust (collected from a galvanizing industry), hydrochloric acid (commercial grade), hydrogen peroxide (commercial grade) and ammonium hydroxide (commercial grade) which were collected from local market. Other chemicals used were analytical grade eriochrome black T and thioglycolic acid.
II.II Fabrication of the product
During fabrication of product, 6 g zinc dust was allowed to leach with 10 ml conc. HCl (to make aqueous dilution for getting required concentration) for 15 min. (other fixed parameters such as amount of acid, temperature of reaction period and oxidizing step, time required for oxidation, pH of solution before oxidizing and during precipitation are achieved by doing several experiments earlier in this laboratory) with constant stirring at 80°C. It was then filtered to remove un-reacted zinc dust. The pH of the filtered solution was maintained 3.95-4.05 and oxidized this solution by required amount of hydrogen per oxide (to get desired molar ratio of zinc to oxidizing agent) at 95-100°C followed by boiling for 3-5 minutes. Iron was oxidized to ferric oxide and then precipitated which was separated out later. 16, 17 , sieve residue [16] [17] [18] , density 16, 17 , loss on ignition 16, 17 and spreadability 18 of all pigments (both prepared and standard) were determine according to the standard procedures.
II.IV Determination of specific surface area and particle size Particle size analysis and specific surface area of sample no. 19 were carried out by a particle size analyzer of model Malvern instrument Mastersizer 3000.
II.V X-ray diffraction studies
The X-ray diffraction pattern of sample no. 19 was recorded by an X-ray diffractometer (model: Bruker D8 advance, CuKα radiation source Kα=1.5406Aº) using Zr filter and CuKα radiation. The pattern was obtained between two-theta range of 30-78º at 30KV and 20mA.
II.VI Scanning electron micrographical studies
Scanning electron micrograph of sample no. 19 was done by a SEM of Model: JEOL, JSM-7610F.
III. Result and Discussion
The Chemical analysis of zinc dust and other raw materials such as hydrochloric acid, ammonium hydroxide and hydrogen peroxide used in this study are shown in Table 1 . For standardization of the process parameter, four series of experiments were carried out. In the first series, effect of reaction time on the percent yield was studied and depicted on table-02. The experiments were carried out with 1.59 M 67 ml hydrochloric acid having reaction period of 10 min, 15 min, 20 min, and 60 min. It is found that amount of reacted zinc dust is increased with the increase of reaction period and maximum reaction takes place at 60 min. But the parameter 15 min reaction period is more convenient and economical because there is negligible increase {( 0.0425× 100)/6 =0.708 %} in the reaction mass between these two experiments. The percent yield obtained with 15 min reaction period is around 60 percent though it is not satisfactory. Condition: Mode of reaction-closed and stirring, amount of conc. Acid-10 ml., amount of 0.6832M precipitating agent-300 ml
Fabrication of Zinc Oxide from Zinc Dust and Its Characterization
The effect of the molar concentration of hydrochloric acid on the percent yield is shown in table 03. Here six experiments were carried out with different molar concentration of hydrochloric acid having reaction period 15 min. It was observed that weight of reacted zinc dust increases up to 1.5417M hydrochloric acid used. Further increase in concentration of hydrochloric acid, reacted zinc mass as well as percent yield decreases. It may be due to the reason that in this series of experiments, the amount of concentrated acid is same but molar concentration is different. At higher molar concentration (more than 1.5417M) of acid, zinc could not take part in the reaction properly to produce zinc chloride . Condition: Mode of reaction -closed and stirring, amount of conc. Acid-10 ml, reaction time-15 min, amount of 0.6832M precipitating agent-300ml
In table 04, effects of molar ratio of iron to oxidizing agent were shown on the removal of iron from the yield. Different molar ratios of iron to hydrogen per oxide were taken in five different experiments to make the soluble iron, insoluble. Thus soluble irons were precipitated out as ferric oxide. Extraction of iron was increases upto1:13.50 molar ratio of iron to hydrogen peroxide treatment which was around 95 percent. More than this molar ratio has no significant effect on the removal of iron. N.B. Iron content in the solution was assumed as iron content in the reacted zinc dust Condition: Mode of reaction-closed and stirring, amount of conc. Acid-10 ml, reaction time-5 min, amount of 0.6832M precipitating agent-300 ml
In the next step, soluble zinc content in the clear solution was made insoluble by adding precipitating agent like sodium hydroxide, potassium hydroxide or ammonium hydroxide. In this paper, ammonium hydroxide was used for such purpose. In table 05, effect of molar ratio of zinc to precipitating agent on percent yield was revealed. Here five experiments were done with different molar ratio. It is observed that percent yield was increased with the increase of amount of precipitating agent and found to be highest (around 93%) with molar ratio 1:3.864 of zinc to precipitating agent. On further increase of molar ratio, has no such impact on percent yield. Condition: Mode of reaction-closed and stirring, amount of conc. Acid-10 ml, reaction time-5 min, amount of 0.6832M precipitating agent-300 ml Some important technical data on zinc oxide are given in table 06. It was seen that the percentage of zinc is somewhat lower than standard sample and theoretical value. It may be due to the reason that the total prepared sample contains nearly 4 percent moisture. Iron content in all these samples is negligible and similar to the standard sample. The entire prepared samples have high loss on ignition compared to standard sample. The reason is same as stated for percentage of zinc. All other values like density and sieve residue are identical and compared to the reported value for standard sample. All the samples are neutral and in acid range. Few of these prepared samples have excellent color hue. They have good spreadability Fig-1(a) and Fig-1(b) represent the X-ray diffraction pattern of sample no. 19 dried at 140ºC and 180ºC respectively and Fig-1(c) represents the reference sample collected from local market of grade E. Merck, Germany. The position of the peaks as well as the diffraction lines of all these patterns are matched very well with diffraction data file (PDF file 00-036-1451) and these peaks are found to be reflection from (1 0 0), (0 0 2), (1 0 1), (1 0 2), (1 1 0), (1 0 3), (1 1 2) and (2 0 1) planes which confirms that the prepared samples are high purity zinc oxide, having crystal structure hexagonal. With the experimentally obtained diffraction values, the lattice parameters are a = 3.24982, b = 3.24982, c = 5.20661, α = β = 90, γ = 120. Though the pattern of Fig-1(a) is not so sharp as Fig-1(b) , which is due to the reason that prepared sample contains remarkable amount of moisture in the sample dried at 140ºC. From the XRD analysis, it can be noted that the prepared sample is high purity zinc oxide, shows only zincite phase with space group p63mc, primitive lattice and having calculated molecular weight 81.38. Fig-2(b) shows the particle size distribution of sample 19 dried at 140ºC and 180ºC respectively. From these two figure it can be noted that Fig-2(a) posses highest peak in the region 62.76 µm where as Fig-2(b) posses highest peak in the region 13.56 µm which indicates that particle size of the prepared sample reduces on heating and confirms the XRD analysis report. The specific surface area of the sample dried at 140ºC is 120.8 m 2 /Kg where as 246.9 m 2 /Kg for the sample dried at 180ºC.
Fig-2(a):
Particle size distribution of ZnO dried at 140°C Fig-2(b) : Particle size distribution of ZnO dried at 180°C dried at 140ºC and 180ºC respectively with 1500 times magnification at 15KV. It is found that the particles are not uniform in size which supports the above particle size distribution curve. It is clearly noted from Fig-3(a) that particles of the product dried at 140°C are agglomerated among themselves whereas Fig-3 (b) shows definite particle shape. 
IV. Conclusion
Zinc oxide can be prepared by leaching with 1.5417M hydrochloric acid for 15 minute followed by purifying the resulting clear solution from iron which on precipitation at pH 6.8-7.2 produces zinc oxide. On spectrophotometric analysis, it is found that the final product has percent purity around 99. On XRD analysis, it is found that the prepared sample has zincite phase with hexagonal structure and independent lattice parameters are a = b = 3.24950 and c = 5.20690. The average particle diameter of the prepared sample is of 117 µm for drying at 140°C and 63.6 µm for drying at 180°C. Thus, the present study may therefore serve as a guideline for preparation of zinc oxide and may also be seen as general review for pigment chemistry and pigment technology.
